International Journal of Power Electronics and Drive System (IJPEDS) 
Vol. 11, No. 3, September 2020, pp. 1459~1467 
ISSN: 2088-8694, DOI: 10.1159 1/ijpeds.v11.13.pp1459-1467 O 1459 


A new approach to extract reference currents for multilevel 
shunt active filter in three phase systems 


Abdelkader Yousfi!, Tayeb Allaoui?, Abdelkader Chaker? 
'Department of Electrical Engineering, Djilali Bounaama Khemis Miliana University, Algeria 
? Department of Electrical Engineering, Ibn Khaldoun University of Tiaret, Algeria 
>Department of Electrical Engineering, National Polytechnic School of Oran, Algeria 


Article Info ABSTRACT 

Article history: In this article, we present a new study of technique to extract reference 
currents for three-level shunt active filter controlling by fuzzy logic. The 

Received Dec 21, 2019 APFs is realized using three phase voltage and the carrier-based PWM 

Revised Feb 15, 2020 strategy. A new technique for identifying reference currents will be 

Accepted Mar 24, 2020 developed. It is based on concordia method using multi-variable filter, and 


makes the total or selective extraction harmonic currents of references, and 
by consequence making their compensations, total or selective. The results of 
Keywords: digital simulation in the Matlab-Simulink environment of a system of power 
to thyristor outputs on an inductive load show well the effectiveness of this 
Active Power Filter (APFs) a l 
, new technique of extraction of the harmonics of reference. 
Fuzzy logic current controller 


Harmonic 

Multilevel (NPC) inverter 

Multivariable filter This is an open access article under the CC BY-SA license. 
OLO 

Corresponding Author: 

Abdelkader Yousfi, 


Department of Electrical Engineering, 

Faculty of Science and Technology, University of Djilali Bounaama Khemis Miliana, 
Rue Thniet El Had Khemis Miliana- Ain Defla-Algeria. 

Email: yousfi_pg @ yahoo.fr 


1. INTRODUCTION 

The use of the electrical appliance is increasingly intense since a certain number of years. However, 
the majority of the apparatuses absorb nonlinear currents which generate harmonic distortions in the whole of 
the electrical supply network. The presence of these harmonics is awkward insofar as they can deteriorate 
the performances of the apparatuses, and even to damage them. A solution then consists in compensating for 
the harmonic distortions while inserting filters in the electrical supply networks [1, 2]. 

These filters seek to identify the harmonic components in order to effectively reinjection them in the 
electrical supply network in opposition of phase. They are also able to compensate reactive power and to 
compensate for the possible imbalance of a three-phase system [3, 4]. Moreover, the shunt active filters can 
be inserted easily in the existing installations of electric distribution without requiring great modifications. 
Recognized for their simplicity of implementation, for their robustness and their reliability, they represent 
today the technique most largely employed to cleanse the electric systems. 

A three-level shunt active filter based on the technique of extraction multi-variable filter can 
compensate, in real time, completely or partially any disturbance being able to occur on the electrical supply 
network [5, 6]. In this article, we present a new study of technique to extract reference currents for three-level 
shunt active filter controlling by fuzzy logic. The APFs is realized using three phase voltage and the carrier- 
based PWM strategy. A new technique for identifying reference currents will be developed. It is based on 
concordia method using multi-variable filter, and makes the total or selective extraction harmonic currents of 
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references, and by consequence making their compensations, total or selective. The results of digital 
simulation in the Matlab-Simulink environment of a system of power to thyristor outputs on an inductive 
load show well the effectiveness of this new technique of extraction of the harmonics of reference. 


2. CIRCUIT CONFIGURATION 

The system configuration of the active power filter connected to the electrical network is shown in 
Figure 1. It gives the proposed system which is composed of a three-phase source, a rectifier as a non-linear 
load and shunt active power filter [7- 9]. 





Non-linear load 


Figure 1. Overview of the system configuration of Three-level shunt active power filter 


3. DEVELOPMENT OF THE IDENTIFICATION METHOD BY A MULTIVARIABLE FILTER 
3.1. Principle of method multivariable filter (MVF) 

A new type of extraction filter named here multivariable Filter (MVF) has been developed, Its basic 
principle is based on the work of Song Hong-Scok is based on the extraction of the fundamental component 
of the signals, directly according to the (æ — f) axes. [5] 


3.2. Mathematical model of the multivariable filter (MVF) 
In his research, Hong Scok Song presented how he recovered the equivalent transfer function of the 
integration in the synchronous references frame expressed by (1) [5, 10]. 


i p(t) =e7 f eidi p (t).dt (1) 


He found in Laplace transformation the following equation “The demonstration is given in the annex 
of his thesis” [9]: 
Lp(S) s+ ja, 


H S) = = 
(s) Lz (5) S +O 


(2) 


Now suppose that we add two new constants K, and K, in the transfers function of equation (2). 
Then we have the following expression: 


i p(s) _ g (st+K)+ jo, 


H (s) = = K,. g = 
Lg (5) (s+ K,)° +o 


(3) 
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we set K = 20 and vary K,. We can trace the Bode diagram in 3D (gain and phase as a function of 
f and K), as shown in Figure 2. 











Figure 2. (a) Gain curve of H(s) as a function of f and K, (b) phase curve of H(s) as a function of f and K, 


Figure 2 show us that: 
1. at f= 50 Hz, the phase angle of Bode diagram is null, this means that the two input and output 
signals are in phase either K, = 20. 
2. to obtain |H(s)| = OdB_ is necessary to make 
Kı = K, = K = 20 


Equation (4) will become as a follow up: 


tag(s) ___, (stK)+jwe 
inp (S) (st+K)2+w2 





H(s) = (4) 


The expressions linking the output components of the multi-variable filter to the input components 
are as follows: 





$ k N @. » 

. = a . — 6 ey (5) 
l E i. (s) i (s)| F 70 

= (4 i,(s)—i,(s)|- Oe i «| (6) 


Figure 3 gives the circuit diagram of the multivariable filter described by (5) and (6). 





Figure 3. Circuit of the multivariable filter (MFV) 
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Thus, the selective identification of harmonic reference currents in a three-phase current system is 
done directly on the Concordia axis, it is sufficient to know their frequency and direction of direct or reverse 
propagation [3]. In our study, we have identified two harmonics, 5“ and 7“ simultaneously. Figure 4 shows 
Block diagram of simultaneous identification of the harmonic currents references 5° and 7" based multi- 
variable filter (MVF), the choice of the parameters Ks=18 and K7=16 is done at base of the diagram of Bod in 
3D [12]. 





Figure 4. Block diagram of simultaneous identification of the harmonic currents references 5" and 
7" based multi-variable filter (MVF) 


3.3. Identification of overall harmonics based multi-variable filter 
Two-phase axes (a - P) defined as the sum of a fundamental component and a harmonic component 
[11]: 


i =i +i 
fie al ah (7) 


Lg = igi +1 yy, 


Role of the multivariable filter is to extract the fundamental components of the pulsating charge current, 
directly along the axes( a — £). Then, the harmonic components of the current along the axes (æ — P), ign 
and ig, are obtained by subtracting them on each axis, the output of multivariable from its input [13, 14]. 

The inverse Concordia transformation then allows us to obtain the three-phase references of the 
harmonic currents: 


L, ref1 1 0 i 

: p Lon 

Le ref2 = 2 = Vy eA i | (8) 
: ph 

Le ga 7 r” 7 W 


Figure 5 presents the diagram for the global identification of the reference currents based on the 
technique of the multivariable filter. 
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Figure 5. Determination of the reference currents of the active filter using the multivariable filter 


4. FUZZY LOGIC CURRENT CONTROLLER 

This modulation technique also consists in reducing the differences between the reference currents 
and the currents generated by the active filter and that at constant frequency. The variables in the equation 
can be easily implemented with fuzzy logic while improving the performance of the active filter 
[15-17].Figure 6 show fuzzy logic controller synoptic diagram, which possesses two inputs: the error (e), (e 
= iref — if) and its derivative (de), and one output: the command (cde) [18-20]. 





Fuzzy Logie 


Figure 6. Fuzzy logic controller synoptic diagram 


A fuzzy system is made up of four essential parts [15]: 
1) The knowledge base consisting of a database and a rule base. 
2) The inference system. 
3) The fuzzification interface. 
4) The defuzzification interface 
The fuzzy logic current controller has two inputs, In this case. Change named of error de and error e 
one output named s. Here the change of error de and error e is the input variable for the system. The fuzzy 
logic controller is characterized as follows: 
1) There are three fuzzy sets for each of the two inputs (e, de) with Gaussian membership functions. 
2) And there are five fuzzy sets for the output with triangular membership functions 
3) Third implications using the ‘minimum’ operator, inference mechanism based on fuzzy implication 
containing five fuzzy rules. 
4) At last defuzzyfication using the ‘centroid’ method. 
The linguistic rules for the fuzzy logic current controller are as follows: 
1) If(e)1s zero (ZE), then (cde) is zero (ZE). 
2) If (e) is positive (P), then (cde) is big positive (BP). 
3) If (e) is negative (N), then (cde) is big negative (BN). 
4) If(e)1is zero (ZE) and (de) is positive (P), then (cde) is negative (N). 
5) If (e) 1s zero (ZE) and (de) is negative (N), then (cde) is positive (P). 
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Figure 7. Fuzzy rules establishment 


5. RESULTS OF THE SIMULATION 
For clarity, and to an understanding we considered to present only the results we see interesting. The 
general structure of the studied system is described in Figure 8. It includes: 
1. The three-phase power network. 
2. Nonlinear load (Three-phase rectifier). 
3. The parallel active filter with voltage structure (three-level inverter with NPC structure). 
Models and simulations are implemented in the MATLAB / Simulink. The objective is to validate 
and show the effectiveness of the active compensation (total or selective) harmonics based MVF selective 
compensation is devoted to the first two harmonics 5", 7 and both at the same time. 
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Figure 8. Simulated system 


The Table 1.are summarized of the system parameters values 


Table 1.System simulation parameters 


Parameters Numerical values 
Source voltage & frequency 220 V (RMS), 50 Hz 
Inductance L, and resistance R, of the line 0.0115 mH,1 mA 
DC link’s inductance Lace, Resistance Rj. 0.2 H,10 
Inductance Lc, Resistance Rc 0.1mH,1m2Q 
Shunt active power filter : DC supply voltage 800 V 
Resistance R,, Inductance Lp 1 mQ,1mH 
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5.1. Total compensation of current harmonics based on a multivariable filter (MVF) 

The results of numerical simulation of the system Figure 8, are obtained by the PWM command of 
the inverter, and with the identification algorithm based on the multivariable filter to identify the reference 
harmonic currents. 

The waveform of the load current before applying active filtering is shown in Figure 9. There is a 
symmetrical distortion of the current ich relative to the half-period point, which means that the multiple 
harmonics of 2 and 3 are nonexistent in the spectrum of ien, and that only those of rank (6h + 1) are 
present, this is confirmed by the spectrum of ien (Figure 10). 

After applying the proposed active filter parallel, there is a marked improvement in the shape of iş 
as shown in Figure 11.The fact that i; has recovered its sinusoidal shape; this is confirmed by the spectrum 
of t, (Figure 12). 

Reassures us that the active filter has generated a current ip which follows its reference ief well as 
shown in Figure 13.The distortion rate of the mains current is improved so that the THD goes from 30.84% 
before filtering to 0.51% after filtering. The harmonic spectra of the currents (Figure 12) justify the positive 
behavior of the active parallel filtering. 
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Figure 9. Load current before compensation icn Figure 10. Harmonic Spectrum of load current ien 
before compensation 


FFT analysis 
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Figure 11. Supply current waveform i, after 
compensation Figure 12. Harmonic spectrum of supply current is 


after compensation 
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Figure 13. Current injected by APF and its reference with fuzzy logic controllers 
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5.2. Harmonic compensation 5th, 7th of the load current based on a multivariable filter (MVF) 

The waveform of the load current before applying active filtering is shown in Figure 14. There is a 
symmetrical distortion of the current ich relative to the half-period point, which means that the multiple 
harmonics of 2 and 3 are nonexistent in the spectrum of ien, and that only those of rank (6h + 1) are 
present, this is confirmed by the spectrum of ien (Figure 15). 

The results of simulations obtained by the multi-variable filter method clearly show the efficiency of 
selective active parallel filtering, this appeared on the improvement of the waveform of the network current 
after the filtering of the desired harmonics (5, 7) see Figure 17. Table 2. Gives the distortion rate of i, as a 


function of the harmonics eliminated 


We have set up the principle of extracting the harmonic currents to be compensated by the 
multivariable filter method. The results of simulations obtained clearly assess the effectiveness of this 
technique. The ability of this technique compensate for the harmonics desired for the current load is 
demonstrated by rate of distortion after filtering of the source current, the major advantage this type of 
filtering is to minimize the energy supplied by the active parallel filter on the one hand and to compensate for 
the most harmful harmonics individually and simultaneously on the other hand 


Table 2. The harmonic distortion rate of the source current i, by the multivariable filter 


The harmonics to compensate 0 (before filtering) 


Current distortion rate i, (THD %) 30.84 
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Figure 14. Load current before compensation icn 















































Compensation of harmonics 
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Figure 15. Harmonic Spectrum of load current ich 
before compensation 
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Figure 18. Current injected by APF and its reference with fuzzy logic controllers 
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6. CONCLUSION 

We can conclude that; the parallel active filter can be compensated harmonics grid completely and 
individually. The MVF identification method is very effective to extract the harmonic references and easy 
implementation. The identification of harmonics does not require a contrary PLL circuit pq and dq .In a 
multivariable filter, we can reduce the number of extraction filters to obtain selective compensation, contrary 
to the extraction methods pq and dq. The MVF technique allows us to selectively or completely compensate 
harmonics in the network. The MVF technique allows us to compensate harmonics distorted and unbalanced 
network voltage regime. 
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